**Core tip:** Antibiotic resistance is the main cause of failure in the treatment of *Helicobacter pylori* (*H. pylori*) infection. Using molecular methods, this study investigated bacterial resistance to clarithromycin and fluoroquinolones in 490 adult patients recruited from five regions in Brazil. These patients had never been previously treated for *H. pylori* infection. Clarithromycin and fluoroquinolone resistance was found in 16.9% and 13.5% of patients, respectively. Resistance to both drugs was found in 4.3% of patients. The mean primary *H. pylori* clarithromycin resistance rate in Brazil is at the borderline for applying the standard triple therapy, and the primary fluoroquinolone resistance rate is concerning.

INTRODUCTION
============

*Helicobacter pylori* (*H. pylori*) is the main etiologic agent of peptic ulcer and is recognized as the most important risk factor for adenocarcinoma and lymphoma of the mucosa-associated lymphoid tissue (MALT)\[[@B1]\]. Triple therapy, in which a combination of two antibiotics (amoxicillin and clarithromycin) and a proton pump inhibitor (PPI) is administered for 7 to 14 d, has been demonstrated to be an effective *H. pylori* infection treatment in different meta-analyses and has been recommended in national and international consensus meetings\[[@B2]-[@B5]\]. This regimen has, however, exhibited decreased effectiveness in recent years, with eradication rates lower than 80%, as reported in different studies\[[@B6],[@B7]\].

Although factors including the lack of compliance, lifestyle habits such as smoking, Cag-negative strains, CYP2C19 genetic polymorphisms, altered immunity, and elevated bacterial load may all contribute to therapy failure, the main factor that causes therapy failure is bacterial resistance, especially to clarithromycin, metronidazole, and fluoroquinolones\[[@B8],[@B9]\]. Similar to other bacterial species (*e.g*., *Mycobacterium tuberculosis*), *H. pylori* acquires antibiotic resistance by chromosomal mutations, not by acquiring plasmids\[[@B10]\]. Although drug efflux proteins can contribute to the natural insensitivity to antibiotics and emerging antibiotic resistance, the main mechanism that contributes to *H. pylori* resistance is vertically transmitted point mutations in the DNA\[[@B9]-[@B12]\].

Clarithromycin interacts with the peptidyl transferase in domain V of the 23S rRNA subunit, an interaction that suppresses bacterial ribosome activity and inhibits protein synthesis\[[@B9]\]. Point mutations at positions 2146 and 2147, formerly known as 2142 and 2143 (the numeration is from genome sequencing of GenBank NC000921 - J99 and NC000915 - HP 26695)\[[@B13]\], of the 23S rRNA gene have been shown to lead to a modification in ribosome conformation, which consequently reduces clarithromycin affinity and leads to bacterial resistance to the drug\[[@B9]\]. Three major point mutations in the 23S rRNA gene have been described to be responsible for over 90% of clarithromycin resistance cases observed in occidental countries\[[@B7]\]. These are A2146C (point mutation at position 2146 by substitution of adenine for cytosine), A2146G (point mutation at position 2146 by substitution of adenine for guanine), and A2147G (point mutation at position 2147 by substitution of adenine for guanine). Quinolone resistance on the other hand develops following point mutations in the DNA-gyrase enzyme involved in bacterial DNA replication\[[@B9]\]. *H. pylori* DNA gyrase comprises two subunits (gyrA and gyrB), and the mutations are found in a specific region of the *gyrA* gene called the quinolone resistance-determining region. Eleven mutations have been described, and these occur in codons 86, 87, 88, and 91\[[@B9]\]. The most frequently encountered mutations occur in codons 87 and 91\[[@B9],[@B14],[@B15]\], and these have been shown to be present in 80% to 100% of antibiotic resistance cases\[[@B16]-[@B18]\].

*H. pylori* antimicrobial resistance can be investigated in the laboratory by phenotypic and genotypic methods\[[@B7]\]. Bacterial culture and determination of the minimum inhibitory concentration (MIC) of the antibiotic are characteristics of the phenotypic method. In addition to providing a definite diagnosis of the infection, the phenotypic method also allows for drug sensitivity to be determined. Bacteria are, however, rarely cultured in medical practices due to the special care required in the transport of samples, the fastidious growth nature of *H. pylori*, and the need for appropriate culture media, which are most often unavailable\[[@B7]\].

Genotypic methods such as PCR, on the other hand, are increasingly used for bacterial detection and identification of point mutations\[[@B9]\]. European studies have recently validated a new molecular test that combines PCR and hybridization, allowing for the rapid detection of bacterial resistance to both clarithromycin and fluoroquinolones\[[@B13],[@B19]\]. This novel GenoType HelicoDR (Hain Life Science, Germany) test involves a DNA strip coated with different specific primers (probes) designed to hybridize with the wild-type allele or reveal mutant sequences\[[@B13]\]. This method is faster than the phenotypic method and can be performed directly from endoscopic gastric biopsies, making the prior culture of the microorganism unnecessary\[[@B9]\].

Taking into consideration that primary resistance to *H. pylori* is a major factor for treatment failure in first-line *H. pylori* regimens, the Maastricht IV *H. pylori* Consensus Report recommends that the (PPI) clarithromycin-containing triple therapy, without prior susceptibility testing, should be abandoned when the clarithromycin resistance rate in the region is over 15%-20%\[[@B4]\]. Fluoroquinolones should be reserved for cases of retreatment or employed in high primary clarithromycin resistance areas\[[@B4]\]. However, the success of quinolones also decreases when there is bacterial resistance. It is important for clinicians to know the local prevalences of *H. pylori* resistance to clarithromycin and fluoroquinolones so that they can select the most appropriate *H. pylori* regime in first- and second-line eradication treatments. Therefore, the aim of this study was to assess the prevalence of primary *H. pylori* resistance to clarithromycin and fluoroquinolones in a large Brazilian population using the molecular GenoType HelicoDR test on gastric biopsy specimens.

MATERIALS AND METHODS
=====================

Patients
--------

A multicenter study including the Southern (Porto Alegre, RS, Brazil), South-Eastern (Belo Horizonte, MG, Brazil), Northern (Manaus, AM, Brazil), North-Eastern (Salvador, BA and Maceio, AL, Brazil), and Central-Western (Goiania, GO, Brazil) regions of Brazil was designed. The recruitment of participants was proportional to the populations of the regions. A common protocol was adopted after approval by the Human Research Ethical Committee at all participant centers, and written consent was obtained prior to entering the study. From November 2012 through March 2015, enrolled patients never previously treated for *H. pylori* infection were submitted to diagnostic endoscopy and tested for *H. pylori* infection due to abdominal symptoms. All participants tested positive for *H. pylori* by a previously validated rapid serological test (Abon Biopharm, Hangzhou, China) performed immediately before the endoscopy\[[@B20]\].

Endoscopy and gastric biopsies
------------------------------

Four gastric biopsies (two from the antrum and two from the corpus) were taken during the endoscopy and were immediately immersed in micro-tubes containing RNAlater^®^ (Ambion, Cat. \# AM7020, United States), a solution that promotes immediate RNA stabilization and protection, thereby minimizing the need to immediately process the tissue samples. The samples were kept in a refrigerator at 4 °C before they were sent to the central laboratory of the study in Belo Horizonte where they were weighed and then frozen at -80 °C until the molecular tests were performed.

Molecular diagnostic technique
------------------------------

The molecular test GenoType HelicoDR was designed to identify the mutations A2146C, A2146G, and A2147G in the 23S rRNA gene and N87K, D91N, D91G, and D91Y in the gyrA gene. The test was divided into three steps: DNA extraction from the biopsy samples using the validated QIAmp DNA Mini Kit (Qiagen, Benelux, The Netherlands), multiplex amplification with biotinylated primers, and reverse hybridization using a specific incubator according to the manufacturer's instructions. The hybridization was performed on strips prepared at the Hain Lifescience factory that were coated with different specific oligonucleotides (DNA probes) using DNA strip technology.

Results regarding *H. pylori* detection and susceptibility to clarithromycin and fluoroquinolones were obtained by analyzing the positive and negative bands on the DNA strips. The most frequent mutations involved in resistance to the two antibiotics were also evaluated.

Statistical analysis
--------------------

Descriptive statistics techniques, including central tendency and variability measures, were employed. The association between resistance/susceptibility to antimicrobials and the gender of the patients was evaluated using Fisher's Exact Test, and the association between resistance and age was evaluate, using Student's *t*-test. Resistance rates between regions were compared using Fisher's exact test. The odds ratios and 95% confidence intervals (CI) were used as risk estimates, and statistical significance was recognized at *P* \< 0.05. The 22.0 version of IBM SPSS Statistics was used for the statistical calculations.

RESULTS
=======

Five hundred nineteen patients were initially recruited for this study. Twenty-nine of them were subsequently excluded due to either the absence of *H. pylori* in the hybridization method (21 cases: 3 from the North-Eastern, 8 from the South-Eastern, 5 from the Northern, and 5 from the Central-Western regions) or the absence of a *gyrA* band (8 cases: 5 from the Central-Western, 1 from the Northern, 1 from the North-Eastern, and 1 from the Southern regions). The distribution of the remaining 490 patients according to gender, region, and age is shown in Table [1](#T1){ref-type="table"}.

###### 

Distribution of patients by sampling region, gender, and age

  Brazil - Region              Distribution by gender   Distribution by age
  ---------------------------- ------------------------ ---------------------
  Northern (*n* = 36)          22 F; 14 M (61.1%)       41.4 (21-71)
  North-Eastern (*n* = 138)    89 F; 49 M (64.5%)       37.7 (18-75)
  Central-Western (*n* = 26)   13 F; 13 M (50.0%)       41.3 (21-65)
  South-Eastern (*n* = 217)    145 F; 72 M (66.8%)      40.6 (19-76)
  Southern (*n* = 73)          45 F; 28 M (61.6%)       58.0 (23-79)
  Total (*n* = 490)            314 F; 176 M (64.1%)     42.4 (18-79)

F: Female; M: Male.

Clarithromycin and fluoroquinolone resistance were observed in 83 (16.9%; 95%CI: 13.7%-20.6%) and 66 (13.5%; 95%CI: 10.6%-16.8%) patients, respectively. Among the different centers, the rates of resistance ranged from 14.5% to 19.2% for clarithromycin and from 2.7% to 16.4% for fluoroquinolones. The differences were however not statistically significant for either the resistance ratios or *H. pylori* susceptibility (*P* = 0.55 and *P* = 0.06, respectively). Table [2](#T2){ref-type="table"} shows the results of general antibiotics resistance in each evaluated region.

###### 

Prevalence of *H. pylori* resistance to clarithromycin and fluoroquinolones in each region

                                **Northern** **(*n* = 36)**   **North-Eastern (*n* = 138)**   **Central-Western** **(*n* = 26)**   **South-Eastern (*n* = 217)**   **Southern** **(*n* = 73)**   **P value**   **Total (*n* = 490)**
  ----------------------------- ----------------------------- ------------------------------- ------------------------------------ ------------------------------- ----------------------------- ------------- ----------------------------
  Clarithromycin resistance     16.6%                         14.5%                           19.2%                                17.5%                           19.1%                         0.55          16.9% (95%CI: 13.7%-20.6%)
  Fluoroquinolones resistance   2.7%                          13.7%                           15.4%                                13.8%                           16.4%                         0.06          13.5% (95%CI: 10.6%-16.8%)

More than one hybridization band (characterizing heterogeneous strains) was observed in the genes of 124 patients (25.3%): 11 patients for both the 23S and *gyrA* genes, 61 patients for the 23S gene, and 74 patients for the *gyrA* gene.

Resistance to clarithromycin was statistically significantly higher in women than in men (OR = 2.3, 95%CI: 1.3-4.0, *P* = 0.003). No statistically significant differences in fluoroquinolones resistance were found in the distribution between genders (*P* = 0.073).

In relation to age, no statistically significant differences were identified between patients with strains sensitive and resistant to clarithromycin *(P* = 0.796) and to fluoroquinolones *(P* = 0.176).

Among the 83 clarithromycin-resistant samples, 74.7% (62/83) exhibited heterogeneity in the 23S rRNA gene, 57.8% (48/83) in the *gyrA* gene, and 13.2% (11/83) in both genes. Among the 66 fluoroquinolone-resistant samples, 69.7% (46/66) exhibited heterogeneity in the *gyrA* gene, 22.7% (15/66) in the 23S rRNA gene, and 10.6% (7/66) in both genes.

Heteroresistance (wild-type band and mutant band in the same studied codon) was identified in 73.5% (61/83) of the clarithromycin-resistant samples and in 51.5% (34/66) of the fluoroquinolone-resistant samples.

In 37.9% (25/66) of patients whose samples were resistant to fluoroquinolones, mutations that were not specified by the GenoType HelicoDR test were found. There was an absence of both wild-type and mutant bands in codon 87 for 19 patients, as well as in codon 91 for 8 patients. Among these, 2 patients also exhibited the absence of bands in codon 87. After analyzing the above data by sampling region, 3 samples were from the South, 8 were from the North-Eastern, 13 were from the Southeast, and 1 was from the Central-Western. Six patients exhibited both clarithromycin and fluoroquinolone resistance. However, only the *gyrA* gene was involved in the non- specified mutation.

The most common mutation in the 23S rRNA gene was A2147G, present in 90.4% (75/83) of clarithromycin-resistant patients. The second most common mutation in the gene was A2146G, present in 16.9% (14/83) of mutations, and the third most common mutation was A2146C, present in 3.6% (3/83) clarithromycin-resistant patients (Table [3](#T3){ref-type="table"}). In 10.8% (9/83) of clarithromycin-resistant samples, more than one mutation in the 23S rRNA gene was found, which might indicate cases of co-infection or two different mutations in the same strain. Among fluoroquinolone-resistant samples, 37.9% (25/66) showed mutations not specified by the GenoType HelicoDR test. The D91N mutation was observed in 34.8% (23/66) of cases, D91G in 18.1% (12/66), N87K in 16.6% (11/66), and D91Y in 13.6% (9/66). In 24.2% (16/66) of the resistant cases, there was more than one mutation involved; 13.6% (9/66) of resistant cases had more than one mutation in codon 91, and 10.6% (7/66) of cases had mutations in both codons 87 and 91 (Table [4](#T4){ref-type="table"}).

###### 

Distribution of mutations in the 23S gene in each region

  Brazil - Region                        Northern   North-Eastern   Central-Western   South-Eastern   Southern   Total
  -------------------------------------- ---------- --------------- ----------------- --------------- ---------- -------
  MUT1[1](#T3FN1){ref-type="table-fn"}   \-         3               2                 8               1          14
  MUT2[2](#T3FN2){ref-type="table-fn"}   \-         1               \-                1               1          3
  MUT3[3](#T3FN3){ref-type="table-fn"}   6          18              5                 32              14         75
  MUT2 + MUT3                            \-         1               \-                1               \-         2
  MUT1 + MUT3                            \-         1               2                 3               \-         6
  MUT1 + MUT2 + MUT3                     \-         \-              \-                \-              1          1
  Total mutations                        6          24              9                 45              17         101

Mutation A2146G;

Mutation A2146C;

Mutation A2147G.

###### 

Distribution of mutations in the gyrA gene in each region

  Region                                      Northern   North-Eastern   Central-Western   South-Eastern   Southern   Total
  ------------------------------------------- ---------- --------------- ----------------- --------------- ---------- -------
  Codon 87 mutant                                                                                                     
  No ident[1](#T4FN1){ref-type="table-fn"}    \-         6               1                 10              2          19
  Gyr87 MUT[2](#T4FN2){ref-type="table-fn"}   1          4               \-                4               2          11
  Total                                       1          10              1                 14              4          30
  Codon 91 mutant                                                                                                     
  No ident[1](#T4FN1){ref-type="table-fn"}    \-         2               \-                4               2          8
  MUT1[3](#T4FN3){ref-type="table-fn"}        \-         7               2                 9               5          23
  MUT2[4](#T4FN4){ref-type="table-fn"}        \-         2               \-                7               3          12
  MUT3[5](#T4FN5){ref-type="table-fn"}        \-         1               1                 4               3          9
  Total                                                  12              3                 24              13         52
  Multiple mutations in codon 91                                                                                      
  MUT1 + MUT3                                 \-         1               1                 \-              2          4
  MUT1 + MUT2                                 \-         \-              \-                3               1          4
  MUT1 + MUT2 + MUT3                                     \-              \-                1                          1
  Total                                       \-         1               1                 4               3          9
  Codons 87 + 91 mutants                      \-         2               \-                3               2          7
  Total mutations                             1          22              4                 38              17         82

Mutant codon not specified;

Mutation at codon N87K, nucleotide AAA;

Mutation at codon D91N, nucleotide AAT;

Mutation at codon D91G, nucleotide GGT;

Mutation at codon D91Y, nucleotide TAT.

Resistance to both antimicrobials in the same sample was found in 4.3% (21/490) of the cases. On the other hand, 73.9% (362/490) of the samples did not show resistance to any of the drugs tested.

DISCUSSION
==========

Despite the knowledge accumulated regarding *H. pylori* infection, the therapeutic arsenal remains limited to a few drugs, and the eradication rates of the classic triple therapy have exhibited a downward trend in the Western world\[[@B6],[@B7],[@B21]\]. Following proper adherence to the treatment, *H. pylori* resistance to antimicrobials is the main factor associated with treatment failure\[[@B7]\]. For this reason, knowing the local profile of *H. pylori* resistance may help in the selection of antimicrobials to optimize treatment for eradication.

Because the phenotypic methods present logistical difficulties for use in routine daily practice, validated and accurate molecular methods have become valuable tools in the evaluation of resistance to antimicrobials\[[@B13],[@B21],[@B22]\]. In this study, we used the easy to perform GenoType HelicoDR test. The equipment for carrying out this test is usually already available in molecular biology laboratories\[[@B18]\]. Comparative studies carried out in different countries, including Brazil, reported agreement above 90% between the phenotypic and genotypic methods\[[@B13],[@B19],[@B22]-[@B24]\].

This is the first study conducted in Brazil in which *H. pylori* genotypic resistance to clarithromycin and fluoroquinolones was evaluated in different regions of the country. The rate of resistance to clarithromycin found in our study (16.9%) is high but is still acceptable for the empirical use of clarithromycin-based regimens. The resistance rate to fluoroquinolones (13.5%) is also a concern for its use in empirical second-line regimens for eradicating *H. pylori*. The finding that women had a higher prevalence of primary resistance to clarithromycin in our study corroborates the values reported in other studies\[[@B25],[@B26]\]. There is speculation that cross-resistance caused by previous use of macrolides may be related to the higher *H. pylori* clarithromycin resistance rate among women, as women generally consume more antibiotics than men\[[@B27]\]. Considering the high rates of metronidazole resistance observed in Brazil\[[@B28],[@B29]\] our findings suggest that the association of this agent with clarithromycin or fluoroquinolones could promote reduction in the *H. pylori* eradication rates.

Despite not being the objective of the study, considering the study design, sample size calculation, and convenience samples, the study found no statistically significant differences between the various collection centers regarding the resistance ratios and *H. pylori* susceptibility (*P* \> 0.05) to clarithromycin and fluoroquinolones in the huge Brazilian territory. However, specially designed studies for this purpose are still required.

In Brazil, only unicentric studies have been conducted to evaluate the primary resistance to anti-*H. pylori* agents, with varying results. Primary resistance rates to clarithromycin have ranged from 8% to 16% in South-Eastern Brazil using phenotypic methods\[[@B28],[@B29]\]. A study carried out in North-Eastern Brazil reported a primary resistance rate of 16.5% using phenotypic and genotypic methods\[[@B23]\]. The primary resistance rate to fluoroquinolones has ranged from 11% (genotypic method)\[[@B30]\] to 23% (phenotypic method) in South-Eastern Brazil\[[@B31]\]. The differences between the rates found in previous unicentric studies and in the present work may be attributed to differences in sample size, presence of heteroresistance\[[@B32]\], and overall differences in the history of previous antimicrobial consumption in the studied regions\[[@B33]\].

In clarithromycin-resistant samples, the A2147G mutation (90.4%) was prevalent, as was found in previous Brazilian studies\[[@B23],[@B28]\] and in studies in other countries, such as France (83.5%)\[[@B13]\] and Belgium (80%)\[[@B19]\]. Among the 13.5% (66/490) fluoroquinolone-resistant samples studied, 37.9% (25/66) presented a mutant codon that could not be identified by the GenoType HelicoDR method, and the D91N mutation was found in 34.8% (23/66) of samples.

Although there are no molecular studies with information on the distribution profile of *gyrA* gene mutations in Brazil, a recent Colombian study identified the following as major mutations: N87I (47.2%), D91N (30.1%), and N87K (13.2%)\[[@B34]\]. It can be speculated that the 37.9% of fluoroquinolone-resistant samples that were not specified by the method used in this study may represent the N87I mutation, which was predominant in the Colombian study and is not detected in the GenoTtype HelicoDR test. The proportions of the D91N and N87K mutations found in this study are similar to those observed in Colombia. Such findings reinforce the need for studies to investigate the regional variations in the mutation pattern of the *gyrA* gene. In samples with *gyrA* heterogeneity (mixture of wild-type and/or mutant bands), a high resistance rate (43.2%) was found, and it is likely that this polymorphism may represent different stages in the development of mutations\[[@B35]\].

Our study also identified the occurrence of multiple mutations for fluoroquinolones and clarithromycin. We observed multiple mutations for fluoroquinolones in 21.9% of samples (codons 87 and 91 or more than one mutation in codon 91), which are essentially the result of a variety of point mutations in several loci of the *gyrA* gene. The presence of multiple mutations in the 23S rRNA gene for clarithromycin was found in 8.9% of the samples. Similar results were also reported in Belgium, where multiple mutations were found in 25% of samples for fluoroquinolones and 12% for clarithromycin\[[@B19]\]. Finally, simultaneous resistance to both antibiotics was unusual (4.3%) in our study, similar to what was reported in South Africa (2.5%)\[[@B22]\], Hong Kong (3.7%)\[[@B36]\], Italy (1.6%)\[[@B37]\], and Spain (4%)\[[@B38]\].

In conclusion, the mean primary *H. pylori* clarithromycin resistance rate in Brazil is situated at the borderline (15%-20%) for applying the standard triple therapy. The primary fluoroquinolone resistance rate is also of growing concern. The genotypic method used is available, fast, and offers acceptable transportation conditions, and it can be used for continuous surveillance for the proper selection of drugs for anti-*H. pylori* therapy in different regions.

COMMENTS
========

Background
----------

The therapeutic regimen anti- *Helicobacter pylori* (*H. pylori*) has exhibited a decreased effectiveness in recent years. *H. pylori* resistance to antimicrobial is the main factor associated with treatment failure. It is important for clinicians to know the local prevalences of *H. pylori* resistance to clarithromycin and fluoroquinolones to select the most appropriate *H. pylori* regime in first- and second-line eradication treatments.

Research frontiers
------------------

The main mechanism that contributes to *H. pylori* resistance is vertically transmitted point mutations in the DNA. This study assessed the prevalence of primary *H. pylori* resistance to clarithromycin and fluoroquinolones in a large Brazilian population by using the molecular test.

Innovations and breakthroughs
-----------------------------

The genotypic method is faster than the phenotypic method and can be performed directly from endoscopic gastric biopsies, making the prior culture of the microorganism unnecessary. The set-up for carrying out this test is usually already available in molecular biology laboratories.

Applications
------------

The rate of resistance to clarithromycin discovered in our study (16.9%) indicates a high, but is still acceptable for the empirical use of clarithromycin-based regimens. Resistance to fluoroquinolone (13.5%) also reveals a concern for its use in empirical second-line regimens in eradicating *H. pylori*. The genotypic method used is achievable, fast, offers acceptable transportation conditions, and can be used as continuous surveillance for the proper selection of drugs for anti-*H. pylori* therapy in different regions.

Peer-review
-----------

*H. pylori* treatment failure is due to resistance of many isolates to antibiotics used for eradication. Due to this it is important to know the local profile of *H. pylori* resistance, which may help to select optimal treatment. The methodology is sound and clear and the manuscript is well written. On the basis of the results this genotyping method used in this study could be recommended for the proper selection for anti-*H. pylori* therapy. This study is valuable from the practical point of view. It increases the knowledge about local *H. pylori* resistance to clarithromycin and fluoroquinolones.
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